We use updated data on distances and velocities of galaxies in the proximity of the Local Group (LG) in order to establish properties of the local Hubble flow. 
at distances D ∼ (1 − 3) Mpc allows one to find the total mass M T of the LG independently of virial mass estimates for the Milky Way (MW) and Andromeda galaxy (M31) based on the motions of their companions. A decelerating influence of the LG on nearby galaxies causes the Hubble regression V | D to cross the line of zero velocity at a non-zero distance R 0 . In the case of spherical symmetry with Λ = 0, the radius of the zero-velocity surface R 0 can be expressed via the LG mass and the age of the Universe T 0 by a simple relation
where G is the gravitational constant. Sandage et al. (1972) noticed another important feature of the local Hubble flow; that the dispersion of radial velocities of the nearby galaxies with respect to the Hubble regression is small at σ v ≃ 70 km s −1 . Later Karachentsev & Makarov (2001) , Ekholm et al. (2001) and Karachentsev et al. (2002) showed that nearby single galaxies and centers of nearby groups have even smaller peculiar velocities σ v ≃ 30 km s −1 . As Governato et al. (1997) and Maccio et al. (2005) noticed, this low value of σ v disagrees with results of N-body simulation of the velocity field of galaxies in the standard cosmological model where the density of matter is close to the critical value (Ω m ≃ 1). Baryshev et al. (2001) and Chernin (2001) proposed to explain the low value of σ v by the presence of "dark energy" (cosmological vacuum) in the Universe, which effectively cools down the chaotic motions of galaxies. Numerical simulations, performed by Chernin et al. (2004) with the vacuum acting as an universal antigravity are in good correspondence with observational data of a cold local Hubble flow. This agreement began to be considered as evidence of the dark energy manifestation not only on the cosmological, but also on local scales ∼ 3 Mpc (Teerikorpi et al. 2005 , Chernin 2008 ). However, using N-body simulations with high spatial resolution, Hoffman et al. (2008) have recently shown that galaxy groups like the LG with cold Hubble flow can be obtained in cosmological models with different parameters. The observed value σ v ≃ 50 km s −1 is not a unique characteristic of a single cosmological model.
Last year, a number of papers appeared (Hoffman et al. 2008 , Peirani & Pacheco 2008 , Tikhonov & Klypin 2008 with interpretations of the observational data on the local Hubble flow, but procedures in each case were not transparent. Below we present an up-to-date list of distances and radial velocities for the 30 nearest galaxies around the LG and use them to estimate the basic parameters that characterize the local Hubble flow.
Usage of the wide-field survey of the Andromeda neighbourhood (Ibata et al. 2001 , Irwin et al. 2005 , Ferguson et al. 2002 and of the Sloan survey archive led to the discovery of a couple dozen new companions to the MW and M31, doubling the total number of identified dwarf galaxies in the LG. Nowadays there are 47 members in the LG with known distances and radial velocities which permits improved derivations of the virial masses of the MW and M31.
In the close proximity of the LG there are 30 more galaxies with distances from the group centroid within 0.7 < D LG < 3.0 Mpc. Their main observational properties are listed in Table 1 . The lower boundary was accepted to be 0.7 Mpc in order to exclude companions to the MW and M31 not participating in the cosmological expansion. The upper boundary was adopted to be 3.0 Mpc in order to exclude members of the nearby groups around IC342, M81 and Centaurus A, with their centers located at 3.3, 3.6 and 3.7 Mpc from us,
respectively. Approximately the same distance range was used by Karachentsev et al. (2002) and Karachentsev & Kashibadze (2006) while finding R 0 and σ v parameters.
In the last years, new galaxies have also been discovered in the volume just beyond the
LG, but at a much lower rate than in the close proximity to the MW and M31. Improving galaxy distances based on the luminosity of the tip of red giant branch (TRGB) with respect to the distances from Karachentsev et al. (2002) In Table 1 , the first and second columns are the galaxy name and its equatorial coordinates at the J2000.0 equinox, respectively. Columns (3,4) are heliocentric velocity with its error and the velocity with respect to the LG centroid. With one exception all the velocities V h are taken from the NED database and their transformation into V LG is performed with the standard apex parameters (Karachentsev & Makarov 1996) adopted in NED. Columns (5) and (6) represent the distance of the galaxy from the MW (with error) and from the centroid of the LG under the assumption that it is located 0.43 Mpc away from the MW in the direction toward M31 (see below). Columns (7) and (8) And XVIII. This dSph-type system was recently discovered by McConnachie et al. (2008) who found its distance to be 1.36 Mpc according to TRGB. The radial velocity for this galaxy has not been measured yet. Being separated by ∼ 600 kpc from M31, And XVIII is probably a peripheric companion to M31 on the opposite side from the MW.
The distribution of galaxies by distances and radial velocities with respect to the LG centroid is given at the upper panel of Fig 
The regression line drawn for Ω m = 0, T 0 = 13.4 Gyr crosses the zero-velocity level at
In the upper panel of Fig.2 we represent the distribution of 30 galaxies from Table 1 In general, the distribution of V pec demonstrates a minor dipole effect, with an excess of negative peculiar velocities in the southern hemisphere. Improved observational data on the galaxies around the LG given in Table 1 are used by us to make a new estimate of R 0 and its uncertainty. We consider a local value of the Hubble parameter H loc and the distance to the LG barycenter D c as arbitrary parameters.
RADIUS OF THE ZERO-VELOCITY SURFACE R
We also accept that the local peculiar velocity field might have a dipole anisotropy with an The Hubble diagram corresponding to these parameters is persented in the bottom panel of Fig.1 , and the distribution of the residual (peculiar) velocities of the galaxies are shown in the bottom panel of Fig.2 (their numerical values are also given in Table 1 ).
Despite the fact that some of the galaxies shifted positions on the Hubble diagram, the value of R 0 remains almost unchanged. The reason for the stability of the quantity R 0 is mostly due to the fact that 6 galaxies in the vicinity of R 0 : WLM, Leo A, DDO 210, As it was noted above, the peculiar velocity field around LG has a small dipole component
with respect to the reference frame of the LG centroid. The direction of the dipole in equatorial (RA = 336
coordinates is not directed toward any neighbour group as a local mini-attractor. However one can note that the anti-pole is very close to M81. The positive motions in that sector could be due to streaming away from us toward IC342/M81/CVn. On the opposite side of the sky, there are a lot of galaxies with negative peculiar velocities but they lie essentially in two groupings: a nearer grouping around WLM -SagDIG and a more distant grouping around NGC 55. Both could be attracted to the nearest big mass which is us. Then the apparent dipole would be caused by galaxies being pulled away from us on one side of the sky and toward us on the other. The interpretation is ambiguous because, although there are 30 galaxies, they are clumped into only 3 or 4 independent groupings.
In the bottom panel of Fig.2 we denote the location of the Virgo cluster and the direction opposite to the Local Void (AntiLV) by two large ellipses. Location on the sky of these two massive attractors is not associated with the local dipole. A behaviour of the local dipole as a function of the radius of the sphere around the LG was analyzed by Kashibadze (2008) .
By varying the radius from 2 to 6 Mpc, the dipole amplitude varies within a cap of 32 km s −1 while its direction chaotically drifts over the sky. Therefore, the value of V d obtained can be considered as a small random value with no clear dynamical sense.
The distribution of the peculiar velocities of the galaxies after accounting for the dipole is presented in Fig.4 as a function of D LG . Here, the inclined bars correspond to the 1-σ errors of distances to galaxies. in the increasing of the | V pec | from giant galaxies to dwarf ones is seen. Whiting (2005 Whiting ( , 2006 ) studied data on galaxies within 10 Mpc, and found no correlation between luminosity and peculiar velocity at all. Also, the galaxies that reside in the close proximity with others:
Antlia, E294-010, E410-005, LeoA and WLM tend to have peculiar velocities just a bit
The Hubble flow around the Local Group 9 surpassing those of isolated galaxies. The large peculiar velocity of KKR25 is most likely an artefact (due to the Galactic hydrogen confusion) and three dIr systems in front of the CVnI cloud (DDO 99/125/190) might have common acceleration towards the cloud center.
For some cosmological problems it is enough to know the total dispersion of peculiar velocities inside a fixed volume without distinguishing between virial motions and the motions of galaxies external to a virialized group. By summarizing the data for 30 galaxies considered above with data on 47 companions to the MW and M31 we obtain the peculiar radial velocity dispersion to be σ LG and its neighbourhood looks to be typical of the more extended Local Volume.
THE TOTAL MASS OF THE LOCAL GROUP
In the standard flat cosmological model with Λ-term and Ω m as an matter component it takes a form
Assuming H 0 = 73 km s −1 Mpc −1 that corresponds to T 0 = 13.7 Gyr with Ω m = 0.24 (Spergel et al. 2007) , one can rewrite (4) as lower than the typical dispersion of virial motions inside the groups. Finally, the peculiar velocity of the LG itself with respect to nearby galaxies is found to be about 24 km s −1 .
According to Peebles (1980) , a typical amplitude of peculiar velocity V pec on a scale of H 0 r relates to the average density of matter Ω m and the deviation in density from the mean δ as
where the last term takes nonlinear correction into account (Yahil 1985) . According to Karachentsev et al. (2004) and Karachentsev & Kutkin (2005) , the density excess (found by the luminosity in K-band) in the sphere of 3 Mpc radius around the MW is δ = 4.5 ± 0.5.
Assuming Ω m = 0.24 one can find V pec /H 0 r = 0.416 on the scale considered. For H 0 = 73 km s −1 Mpc −1 and r = 3 Mpc the expected 3D and 1D peculiar velocities are 91 km s −1 and 53 km s −1 , respectively. The observed chaotic motions of the galaxies along the line-of-sight (25 km s −1 ) are half the expected ones (53 km s −1 ).
Systematic searches for new nearby galaxies and measuring their distances and velocities allowed us to find the radius of the zero-velocity surface for the LG with an accuracy of ∼ 0.03 Mpc, which leads to uncertainty of the total mass of the LG within 1 Mpc of around 10%. This high precision is due to three main factors: 1) the reliability of measuring individual distances via the TRGB method with typical error ∼ 7% (Rizzi et al. 2007) ; 2)
the "coldness" of the local Hubble flow with a typical "thermal" velocity σ v = 25 km s −1 on the scales of 1-3 Mpc; 3) a large enough number of galaxies in the distance region of (1-3)R 0 .
Among 77 galaxies with known radial velocities inside the sphere of 3 Mpc radius, 30
of them (i.e. 39%) are located outside the "hot" virial region of the LG. This ratio may be important for an understanding of cosmic structure formation on the scale of 1 -3 Mpc if it turns to be typical for other groups as well. However, our knowledge of the specific number of galaxies outside the LG virialized region (39%) may be strongly affected by observational selection. Recent special programs to search for new companions to the MW and M31 that doubled the number of known LG members (McConnachie et al. 2008 ) cover a small fraction of the whole sky and are not suited for systematic discovery of faint dwarf galaxies outside the LG. The example of KKR25 at the distance of 1.8 Mpc from us (Karachentsev et al. 2001 ) proves that galaxies with very low luminosity (−9.9 m ) and old population do exist far outside R 0 . Moreover, Pasquali et al. (2005) reported the discovery by chance of another dSph galaxy, APPLES1, with an absolute magnitude of −8.3 m at a distance of 8.5 Mpc.
The limiting magnitude of the SDSS survey is insufficient for finding faint dwarf galaxies by resolving them into RGB stars even at distances of 2-3 Mpc. The number of the APPLES1-type objects could be significant. For a rough estimate let us assume that the HST archive has about 1000 sufficiently exposed frames with ACS randomly distributed over the whole sky. With the field of view of ACS taken into account (∼ 10 sq. arcmin), to recover of order unity APPLES1-like galaxies from the whole collection, their total number should be ∼ 15000 in the volume with D ≤ 10 Mpc, and about 400 in the shell with 1 < D < 3. This is one order higher than the number of currently known galaxies (N=30) in the same shell. On the other hand, a survey of the M81 group performed with 3.5-m CFHT telescope and MegaCam over a 65 sq. deg. area (Chiboukas et al. 2008) resulted in the discovery of 22 new dwarf members similar to APPLES1 in this group. However there was not a single foreground object with D < 3 Mpc. By comparing the sky area studied with the whole sky area, one can obtain an upper limit to the total number of these kinds of objects within D < 3 Mpc as N < 600, which does not contradict the previous estimate. Next generation deep large-scale surveys of the Northern and Southern hemispheres (Ivezic et al. 2008 , PanStarr, http://pan-starr.ifa.hawaii.edu) might lead to the discovery of hundreds of faint dwarf galaxies in the region (1-3)R 0 around the LG, making the study of the local Hubble flow a very important branch of observational cosmology.
It should be stressed that finding R 0 with high precision allows one to determine the total mass of the LG with uncertainty ∼ 10%. There is consistency of the mass estimates given by establishing the zero-velocity surface around a group and from studies of the virial motions of galaxies within the group. Figure 6 . Radial velocity difference for a galaxy and its nearest neighbour vs. their spatial separation. Open circles represent the LG members while filled ones correspond to the galaxies situated outside the virial region. Solid zigzag line is a sliding median for the LG surroundings, and the dashed one corresponds to a sliding median over the whole Local Volume (CNG).
